Background. Platelet-rich plasma (PRP) has been found to be effective for a variety of musculoskeletal conditions. The treatment of discogenic pain with PRP is under investigation.
Introduction
Low back pain is a very common cause of pain and disability. Although several structures within the spine have been identified as pain generators, the intervertebral disc is felt to account for 40% to 50% of chronic low back pain [1, 2] . The most common conservative treatment options for discogenic back pain include activity restriction, medications, physical therapy, chiropractic treatment, and steroid injections. Many patients have an inadequate response to these conservative measures and progress to surgical treatment, either lumbar fusion or disc replacement.
Minor complications are common with lumbar fusion surgery. Severe complications are rare but do occur, with mortality rates ranging from 0.1% to 0.6% [3] [4] [5] [6] [7] [8] [9] [10] [11] . Beyond the issue of the complication rate is the question of the effectiveness of fusion or disc replacement procedure as a treatment for low back pain. The evidence for the superiority of fusion over conservative treatment, at this point, remains unclear [12] [13] [14] [15] [16] [17] . In addition, the outcomes for lumbar disc replacement have not demonstrated superiority over fusion [18] .
Prior interventional conservative treatments have been aimed at annular tear pathology, which is felt to be the anatomic source responsible for discogenic low back pain [19, 20] . Attempts to alter the annular tear and associated neural structures with heat or radiofrequency energy have been disappointing [21, 22] . More recently, Peng and colleagues investigated the use of methylene blue as a neurolytic agent within discs [23, 24] . These investigators published two quality clinical studies demonstrating the efficacy of intradiscal methylene blue. Unfortunately, further investigations have failed to produce their superior results [25] [26] [27] [28] .
Ultimately, the ideal treatment for pain induced by annular tears would be through direct healing of the tears themselves. Attempts are being directed toward this goal with research in areas such as stem cells and specific growth factor injections [29] . Another therapeutic agent promoting regeneration is platelet-rich plasma (PRP).
Platelet-rich plasma is obtained by preparing an autologous sample of blood with the use of a centrifuge, which concentrates the platelets and other blood components. PRP contains platelet concentration three to eight times that found in whole blood [29] . Along with the increased concentration of platelets, PRP contains higher levels of growth factors and cytokines, which stimulate tissue healing. The platelets themselves secrete growth factors needed for tissue repair such as epithelial growth factor (EGF), insulin-like growth factor (IGF-1), platelet-derived growth factor (PDGF), transforming growth factor (TGFbeta), basic fibroblast growth factor (b-FGF), and vascular endothelial growth factor (VEGF) [29] [30] [31] . These growth factors increase collagen content, accelerate endothelial regeneration, and promote angiogenesis in many different types of tissues [31] . The concentration of growth factors parallels that of the increased concentration of platelets in PRP [31] . In addition to the healing properties of the growth factors themselves, they may also activate quiescent stem cells to further promote tissue repair [29] .
In the last 5 years, the use of PRP has become very popular in the treatment of a myriad of musculoskeletal conditions. Animal and human research has demonstrated PRP efficacy for conditions requiring the repair of injured or degenerated collagen-based tissues such as tendon, ligament, and cartilage [29, 32] . Good results have been reported in high-quality clinical studies in the common extensor tendon of the elbow [32] , rotator cuff tendons [33] , and knee articular cartilage [34] .
More recently, work has been applied to the intervertebral disc. Theoretically, this may be more difficult as the disc is a complex and relatively avascular structure [35] . in vitro studies of animal and human disc cells have demonstrated positive effects of PRP. Growth factors released by PRP appear to reduce apoptosis [36] . Disc cells cultured with PRP demonstrate improved proteoglycan synthesis and annulus cell proliferation [37] [38] [39] . PRP also appears to inhibit the detrimental inflammatory effect of TNF-alpha and Interleukin-1 on human nucleus pulposus cells [40] .
In vivo animal studies on experimentally injured discs also demonstrate a beneficial effect of PRP. These trials show a protective effect of PRP on disc degeneration compared to controls including a restoration of disc height and T2 signal on MRI [41] [42] [43] [44] [45] . No safety issues were seen [41] [42] [43] [44] [45] , nor were there any mutagenic changes of the nucleus pulposus cells to indicate an increased risk of neoplasm [41] .
A randomized placebo-controlled trial of intradiscal PRP in humans is currently under way [46] . The researchers are injecting PRP at the time of provocation discography. Patients demonstrating a painful response to disc pressurization are injected with a variable volume (1 to 2 mL) PRP (treatment group) or further contrast injection (control group). Data have been presented on 42 patients, with encouraging preliminary results [46] .
The authors of the current study undertook a prospective trial to help determine the apparent effectiveness and safety of a single injection, of uniform volume, of PRP into one or more intervertebral discs for the treatment of presumed discogenic low back pain. Preliminary results are being presented.
Methods
The study was approved by an independent institutional review board: Sterling IRB, Trial No. 4143-001S. The participants were drawn from a pool of consecutive patients who had been referred internally from within the investigators' practice or externally from local primary care physicians, physiatrists, or spine surgeons. Patients paid out of pocket for the procedure, $950 for one-level procedures, and $1,150 for multilevel procedures. No external funding or other means of support was received for this trial.
To be eligible for inclusion, patients had to be older than 18 years of age; be able to consent; have back pain greater than leg pain with an intensity of at least 40 mm on a 0 to 100 mm visual analog scale; and, if female with child-bearing potential, to be on an acceptable form of contraception. Exclusion criteria are listed in Table 1 .
To be selected for treatment, patients had to satisfy criteria for a presumptive discogenic pain and to have other sources of pain ruled out. The criteria for discogenic pain were one or more of the following:
• positive discography performed according to the guidelines of the International Spine Intervention society [47] ; but discography was not a necessary criterion for selection; • clinical features suggestive of discogenic pain, such as midline pain, pain upon rising from a seated position, or positive responses to centralization/peripheralization maneuvers [48] [49] [50] ; • features suggestive of discogenic pain on magnetic resonance imaging, such as high-intensity zone, disc protrusion, decreased signal intensity on T2 imaging, or type 1 or type 2 Modic changes of an endplate [51] [52] [53] [54] [55] [56] [57] .
Zygapophysial joint pain was ruled out if the patient's pain was not relieved by medial branch blocks or intra-articular Preliminary Results from a Prospective Trial blocks or had previously not been relieved by lumbar medial branch radiofrequency neurotomy. Sacroiliac joint pain was ruled out if the patient's pain was not relieved by intra-articular blocks. Responses to blocks were considered negative if patient reported less than 50% relief of their pain.
Blocks of the zygapophysial joints were performed if the patient's pain was not midline [50] . Blocks of the sacroiliac joints were performed if the pain was not midline but also caudal to the L5 spinous process.
In patients whose clinical [48] [49] [50] and imaging [51] [52] [53] [54] [55] [56] [57] features suggested discogenic pain, blocks of the zygapophysial and sacroiliac joints were performed if the patient agreed to having these alternative sources of pain ruled out.
The PRP was prepared using a sterile technique using a Smartprep (Harvest Plymouth, MA, USA) procedure pack including the APC 30 blood draw and processing kit (for one or two discs to be injected) or APC 60 (for more than two discs to be injected) at point of care in the pre-op area. For the APC 30 kit, 3 mL anticoagulant citrate dextrose formula A (ACD-A) were drawn into a 35 mL blood draw syringe. For the APC 60 kit, 6 mL of ACD-A were drawn into a 60 mL blood draw syringe. Venipuncture was performed after prepping the region with chlorhexidine and isopropyl alcohol. The syringe was disconnected from the tubing, and a sterile blunt needle with cap was connected. The syringe was labeled with the patient's name and date of birth. For the 30 mL process disposable, 1 mL ACD-A was injected into the plasma chamber. For the 60 mL process disposable, 2 mL ACD-A were injected into the plasma chamber. The previously drawn blood was then injected into the blood chamber.
Processing by centrifuge was performed with the Harvest SmartPrep 2 system (FDA cleared device) (Harvest, Plymouth, MA, USA). The process disposable and the balance weight were loaded into the centrifuge, and then the centrifuge was closed, locked, and started. The spin lasted approximately 14 minutes. The process disposable was then removed from the centrifuge. Using a sterile technique, approximately half of the platelet-poor plasma was removed using a syringe with spacer as provided in the kit. The remaining volume of platelets was re-suspended by aspiration into a syringe and injected back into the plasma chamber several times without removing the needle. When the suspension was complete, the PRP was aspirated into a sterile syringe that was labeled appropriately. The PRP concentrate was considered WBC-rich.
The disc level(s) to be injected were determined by one of two methods.
If the patient underwent discography performed using ISIS standards [47] within 6 months of the PRP injection, the positive levels determined during discography were chosen for injection with PRP. Prior provocation discography was, however, not required for the inclusion criteria. The rationale for this was based on the risk/benefit ratio. It was felt that the potential risk of discography [59] would outweigh the potential risk of injecting a seemingly benign substance into a nonpainful disc. Therefore, in the absence of a prior discogram, the levels were determined clinically and with MRI findings suggestive of discogenic low back pain, including high-intensity zone, disc protrusion, decreased disc signal on T2 sequence, or type 1 or type 2 endplate Modic changes [51] [52] [53] [54] [55] [56] [57] . The general level of pain and tenderness on exam (upper, middle, or lower lumbar region) was also taken into account.
The procedure was performed by two of the investigators (DL and SH). Both are board certified in physical medicine and rehabilitation, experienced discographers, and fellowship trained in spine injections and serve as instructors for spinal injection procedures at the national level.
Patients were offered a sedative of 5 to 10 mg oral Valium or 0.5 to 1 mg Xanax to be taken 30 to 60 minutes prior to the procedure. Alternatively, patients were offered conscious sedation in the form of 2 to 6 mg Versed IV with the possible addition of 50 to 150 mg fentanyl IV. Continuous cardiac, pulse oximetry, and clinical monitoring were performed throughout the procedure.
Patients were placed in a prone position in an outpatient fluoroscopy suite. Strict sterile technique was observed. The lower back was cleansed with chlorhexadine and then betadine or alcohol and covered with a sterile drape. A standard posterolateral extrapedicular discogram technique was used under intermittent fluoroscopic imaging for each level previously determined to be a presumptive pain generator. The skin and superficial tissues were anesthetized with 2 to 5 mL of lidocaine 1%. The needle tip of a 22-gauge or 25-gauge needle with stylet, single needle technique, was directed into the disc nucleus. One mL of contrast solution consisting of 0.6 mL Omnipaque 240 or 300 contrast agent was injected to ensure an intranuclear flow pattern in AP and lateral views ( Figure 1 ). Four-tenths of 1 mL of 40 mg/mL gentamicin for a total of 16 mg at a final concentration of 5 mg/mL was injected with the contrast for discitis prophylaxis. Lidocaine 4%, 0.5 mL, was injected for pain control. Then, 1.5 mL of previously prepared autologous PRP was injected into the disc. Thus, a total volume of 3 mL was injected into each of the presumed pain-generating discs during the treatment. In instances where the disc could not accommodate the full volume of PRP owing to high pressure (based on manual pressure estimation) or leakage into the epidural space, the clinician injected less than the 1.5mL of the PRP, and this was recorded in the procedure note. At least 0.5 mL of the PRP was required to be injected into a disc to be considered a completed treatment. After the solution was injected, the needle was removed. The antiseptic prep was cleansed from the patients' back and the drape removed. The patients then either ambulated with assistance or were transported via wheelchair to the recovery room.
Patients completed a follow-up visual analog score and Oswestry Disability Index [58] before treatment, and at 1 month, 2 months, and 6 months after the procedure [58] . These instruments of assessment were administered by one of the three co-authors (SL, SH, or ST). L5/S1 5 L4/5 L4/5 L5/S1 L5/S1
L5/S1 no 6 L4/5 L4/5 yes 7 pos pos neg L5/S1 L5/S1 L5/S1 no 8 neg neg neg L5/S1 L5/S1 L5/S1 L5/S1 9 neg L5/S1 L5/S1 10 neg L5/S1 L5/S1 L5/S1 no 11 pos pos neg neg L5/S1 L5/S1 L5/S1 L4/5 yes L5/S1 A successful outcome was defined as 50% improvement in VAS accompanied by a 30% improvement in ODI. Table 2 records the demographic features of the patients treated. Table 3 shows the diagnostic features satisfied by each patient for inclusion in the study. Table  4 shows the segmental levels and the number of discs treated. All patients received a uniform volume of 1.5 mL of PRP. There were no instances of discitis or increased radicular symptoms and no neurologic or other complications.
Results
No patients were lost to follow-up. All 22 patients completed the 2-month follow-up, and 19 patients reached 6-month follow-up at the time of publication. Individual VAS and ODI scores and percent changes, along with group median and interquartile range, are provided in Tables 5 and 6. At 1-month follow-up, only 3 of the 22 patients (14%, with 95% confidence intervals [CIs] of 0% to 28%) satisfied the criteria for successful outcome (Table 7) .
However, 36% achieved a 50% decrease in VAS independent of their ODI score. At 2 months, seven patients (32%; 12% to 51%) had a successful outcome (Table 7) , and 41% achieved a 50% decrease in VAS independent of their ODI score.
At 6 months, 9 of 19 patients had a successful outcome (47%; 25% to 70%) ( Table 7) . Results were the same for a 50% decrease in VAS alone.
Although no patient was lost to follow-up, a single subject (patient 5) who did not qualify as a categorical success at any follow-up time point did undergo a concurrent treatment. The patient underwent an epidural steroid injection (ESI) for a severe exacerbation after the 2 month data were recorded. One month following the ESI (3 months after the PRP injection), he underwent a second PRP injection. His 6 month data, provided in Table 6 , remained below the ODI success threshold of 30% improvement. Therefore, the patient was considered a categorical failure regardless of the concurrent treatment. In determination of the group median and interquartile range, however, his 6 month data were not used. Rather, the 2 month follow-up Table 4 Segmental levels of discs in each patient treated with injections of plateletrich plasma data were carried forward and used for the 6 month follow-up.
Discussion
Although the early results of this trial are poor, the preliminary 6 month results are encouraging. At the 6 month follow-up after a single intradiscal injection of PRP, 47% of patients reported at least a 50% improvement in conjunction with a 30% improvement in their ODI score. Although these are not outstanding results, the criteria used for defining success were conservative. The 50% pain improvement was chosen based on what most patients considered "much improved" [60] . The criterion of 30% improvement in the ODI score was selected based on a consensus on minimal important change for low back pain [61] . Many investigators use more liberal criteria for clinically important change for chronic low back pain of 20 mm on the VAS [62] . In the current study, at the 6 month follow-up, 12 of 19 patients, or 63% (95% CI 42% to 85%), achieved an improvement on the VAS of at least 20 mm.
The poor early results in this study may reflect the mechanism of action of PRP and the time required for the treatment effect to occur. Multiple studies using PRP for other orthopedic conditions have demonstrated similar lengths of time for significant improvement [32, 63, 64] . The exact process by which PRP may facilitate healing has been postulated but is not clearly understood [65] [66] [67] [68] [69] . Therefore, the time frame for the theoretical beneficial effect to the disc to occur is also unknown but may be between 2 and 6 months based on the findings of the present trial.
It is possible that the regenerative effect of PRP on the intervertebral disc could have been enhanced further using a different injectate protocol. In the current study, prior to injecting the PRP, 0.6 mL of contrast, 0.4 mL of gentamicin 40 mg/mL, and 0.5 mL of lidocaine 4% were injected for confirmation of needle position, discitis prophylaxis, and pain control. Prior studies have demonstrated a negative effect of anesthetics, antibiotics (including gentamicin), and contrast on nuclear cell synthesis in culture [70] [71] [72] [73] .
The addition of these substances may have had an adverse effect on our results. Additionally, a different preparation of PRP may have been more beneficial. 3 6  1 2  10  52  70  7  64  40  54  10  64  11  48  31  20  8  22  16  14  4  12  61  22  26  65  44  42  38  44  13  64  19  0  80  40  18  14  44  14  75  64  57  32  34  28  24  10  15  61  71  41  74  31  40  29  29  16  77  59  38  53  38  34  14  30  17  86  65  72  62  26  30  23  14  18  99  19  2  8  44  27  17  22  19  65  66  32  19  30  9  8  2  20  50  21  22  10  14  26  21  51  30  14  32  24  16  22  58  41  42  34  30 IQR: interquartile range. *The VAS and ODI scores at 6 months for patient 5 were carried forward from 2 months because this patient underwent concurrent treatment between 2 and 6 month follow-ups.
Specifically, the system used in this study produces a relatively high hematocrit. Studies do indicate that red blood cells may have a deleterious effect not only on platelet function by alteration of the pH [67, 74] but also on chondrocyte survival [75] . This is an area for future research consideration.
Our findings are similar to the results presented at several scientific meetings. Lutz and colleagues have presented preliminary data on a randomized, placebo-controlled trial of 42 patients with an 8 week crossover [46] . The 8 week between-group data showed modest but categorical results demonstrating a much higher satisfaction rate for the PRP group over control using the North American Spine Society patient satisfaction questionnaire. One year, withingroup data demonstrated significant, but modest, pain improvement. Based on the apparent improvement time frame seen in the current study (between 2 and 6 months), Lutz et al. may have failed to allow ample time for a treatment effect compared to placebo as they used an 8 week crossover protocol [46] . The PRP injection in the Lutz et al. study was performed at the time of discography immediately following a positive determination. This protocol did not allow a uniform volume of PRP to be injected, which raises concerns that an inadequate treatment volume was delivered. This is in contrast to the current study, in which a uniform volume of 1.5 mL PRP was delivered to each disc. Both the current trial and Lutz et al. study used a red blood cell-rich and leukocyterich PRP formulation.
Akeda and colleagues injected six patients with a uniform volume of 2 mL leukocyte-poor and red blood cell-poor PRP releasate (substance isolated from activated PRP) at discogram-positive levels [76] . The benefit seen in their small group of patients was exceptional: mean pain scores decreased from 7.1 to 1.8 on a numeric rating scale (NRS) by 1 month and were sustained at 6 months [76] . Their protocol differed from that of the present study by the PRP formulation but was similar in that the PRP was not injected at the time of discography, allowing for a larger volume of PRP injectate. The time frame of improvement was also much earlier than in the present trial.
There are several limitations in this trial. The most significant issue is the diagnostic criteria for the intradiscal PRP treatment. The patients in this study were presumed to have discogenic pain based on clinical and imaging features and the exclusion of other likely sources of low back pain. Most did not undergo provocation discography, a diagnostic procedure that is often performed pre-operatively prior to lumbar fusion to help determine which discs are the source of the patient's pain. The decision to forgo discography as an inclusion criterion was based on multiple factors. Although performing an intradiscal PRP injection at the time of discography seems most practical, the volume of contrast during this diagnostic test may reach 3 mL if performed in accordance with ISIS guidelines [47] . This may leave little to no residual volume capacity to accommodate a presumed adequate PRP volume for treatment. Secondly, in accordance with ISIS guidelines [47] , discography requires at least one negative control disc. Discography is invasive and has the potential for negative effects, including those that may have future clinical relevance [59] . Therefore, performing discography in accordance with ISIS guidelines requires needle puncture with potential harm to a previously unaffected disc. As PRP is a minimally processed autologous substance and very unlikely to have any detrimental effects [29, 31, 41, 42] , the authors felt that the potential adverse effects of intradiscal PRP were likely no greater than those of discography. Therefore, subjecting patients to discography (including injecting a normal control level) in order to determine which discs are symptomatic adds an additional invasive procedure with disc puncture that is not warranted if discography is being utilized only for qualification of an intradiscal PRP injection. The authors' position, in summary, was that PRP at the time of discography would not provide ample volume for the PRP, and performing a separate discography procedure solely for determining the candidacy and level for the PRP injection could not be justified.
Without discography as a patient selection criterion in this trial, significant bias does exist. The authors used findings on history, physical examination, and imaging studies that did have some correlation with positive discography but were certainly limited in diagnostic value [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] .
A further limitation of our patient selection protocol was the non-standardization of z-joint and SIJ blocks to rule Regions highlighted in bold indicate numbers and proportions of patients who satisfied the combined criteria of 50% improvement in VAS and 30% improvement in ODI score.
out these structures as the primary source of pain. The authors followed general guidelines of pain location for this determination [48, 50] . However, clinical and imaging findings felt to be more consistent with a discogenic source [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] were also considered in the determination to perform z-joint or SIJ blocks. In situations in which the investigators felt a non-disc source of pain was very unlikely, patient preference was also considered in the decision to perform the blocks. This element of the protocol clearly introduces bias, as patients without discogenic pain may have undergone the intradiscal treatment.
The authors concede that many of the discs injected may not have been pain-producing discs. In addition, several of the patients may not have had a discogenic source of pain. However, including patients without discogenic pain would have biased the outcomes of treatment unfavorably, and the actual effectiveness of PRP for discogenic back pain may be greater than encountered in the present trial.
This study did not use a control group because of the significantly greater complexity and cost of performing a controlled trial. However, without a control group, non-specific treatment effects and natural history cannot be excluded as explanations for some of the successes.
Our definition of success may also be viewed as a trial limitation. The authors chose a 50% decrease in pain accompanied by a 30% improvement in function [60, 61] . This may be viewed by some as overly conservative. However, as this is a novel and somewhat controversial treatment, we felt the stricter criteria of success would be more appropriate.
Conclusion
This trial demonstrates encouraging preliminary 6 month findings for intradiscal PRP as a treatment for presumed discogenic low back pain. Randomized placebo-controlled trials are needed to further evaluate the efficacy of this treatment.
